Despite initial technical barriers having been overcome, organizational wide component reuse has not enjoyed universal acceptance. Research has identified social and organizational factors as probable causes. This paper describes the Social Factors for Reuse Model (SFR Model), a predictive capability model based on Keidel's triadic model of the organization.
Introduction
The reuse of interchangeable components for software systems development was first publicly discussed in 1968 at the NATO Science Committee Conference on Software Engineering: Concepts and Techniques, at Garmisch, Germany [1] . McIlroy argued that a "components industry could be immensely useful" and described the benefits of the reuse of components. Since then, Component Based Software Engineering (CBSE) has been shown to have benefits which include improvement of quality, faster development, and reduction in costs of development and maintenance [2] .
Initially, technical factors prevented its successful implementation. Over time, the technical barriers have been all but overcome, and individuals have enthusiastically embraced the reuse of components. Yet, the organization-wide implementation of component reuse has yet to be adopted universally. [3] , [4] , [5] , [6] , [7] , [8] .
Research suggests that the reasons are related to socio-organizational barriers [4] , [9] , [10] . In order to better understand these, there is a need for a model that formalizes the socio-organizational factors influencing the successful implementation of component reuse. The model described in this paper, The Social Factors for Reuse Model, is inspired by Keidel's Triadic Model of organizations [11] and consists of factors that influence the organization-wide implementation of component reuse in the software engineering environment. It is intended that it will serve as a capability model for assessing an organization's readiness for the implementation of CBSE. By applying this Model, the organization can better decide what must be done to prepare itself for Reuse. The results of the assessment can be entered into an appropriate model to determine the economic and practical feasibility of making the required changes. Thus a Go/No Go decision can be made with greater confidence than otherwise would be possible.
For the purposes of this Model, component based software engineering (CBSE) is defined as the development of a system by the reuse, wholly or partially, of existing components. These components are not restricted to software artifacts or programs. They may include all products of the software development process ranging from requirement specifications and designs through to test data and implantation plans. Processes are also included, for example the elicitation of users' requirements and training of users. The following terms are held to be synonymous with CBSE: organization-wide component reuse, systematic (component) reuse, and component based software development [12] . Object Oriented Development and the use of Commercial off the Shelf (COTS) components are specific implementations of CBSE.
Background

Benefits of CBSE
The expected benefits of the implementation of organization-wide component reuse are well documented and tend to highlight savings in time and cost to develop [13] , [14] , [15] , [16] , [17] . IEEE1517-1999 (Rev. 2004 [2] lists the following: increase in productivity; shorten software development time; move personnel, tools, and methods more easily from project to project; reduce software development and maintenance costs; produce higher quality software products; improve software product interoperability; provide a competitive advantage to an organization that practices reuse.
It is not suggested that an organization would enjoy all of these benefits, however any one of these would provide a sufficient reason to implement CBSE.
Non-technical Obstacles to Implementation
Initially, researchers and practitioners identified the technical obstacles to the successful adoption of CBSE, requiring enhancements to existing technology as well as the development and introduction of new technology.
Through the elimination of many of the technical issues in the 1980's and 1990's, component based development gained favour with developers and, in the early 1990's became of growing interest to researchers in the field of software engineering [18] , [19] , [20] , [21] , [22] , [23] . Brown and Wallnau [24] offer two reasons for this, stating "several underlying technologies have matured that permit building components and assembling applications from sets of those components [and] the business and organizational context within which applications are developed, deployed and maintained has changed" in favour of component reuse.
More recently, 2009, it has been suggested [25] that the organization may have cultures that are not conducive to systematic reuse and may lack the means to change its infrastructure to support the processes of systematic reuse without major disruption to its business. "Producing original software is sometimes more well-regarded than reusing existing software. Changing attitudes and associated non-reuse behaviors can be difficult. Policy changes and capital investments, which require senior management to be firmly committed to the achievement of systematic reuse, may be necessary." [25] Indeed, the MIT Center for Information Systems Research [26] held a special session during its Summer Session, June 2010, and determined that companies do not reuse for reasons relating to behavior, politics and corporate culture.
Hence, the cause for the continuing lack of successful adoption of organizational wide reuse appears to lie most likely in the areas of organization and culture.
Reuse Models
Many models for reuse have been proposed, but not necessarily developed, for example [27] in 1993 and more recently [28] in 2007 and [29] in 2009, as well as many more in between. Several models have been developed as far back as 1992 [30] and as recently as 2010 [31] . However, all of these propose or provide for analyses of existing reuse programs and are not intended as predictors of implementation success.
In the late 80's and early 90's, reuse economics gained favour. A review of 17 reuse economic models [32] observed that all the models described and analyzed postimplementation reuse. It recommended that further research should be undertaken into models that would enable not just the evaluation of, but more importantly, the prediction of the costs, return-on-investments and other indicators. The Social Factors for Reuse Model is one such predictive model.
The Social Factors for Reuse Model
Evolution of the SFR Model
The SFR Model was inspired by the Triadic Model of the Organization by Robert Keidel [11] . The triadic shape "counterposes the three critical organizational variables: autonomy, control and co-operation" [11] . These correspond to the ways people interact.
1. Autonomy relates to working on your own.
2.
Control relates to a hierarchical structure.
3.
Co-operation relates to working together towards a common goal. This structure is well established in management literature and practice [11] . The influence on the implementation of CBSE of the 36 factors that comprise the Model was obtained from literature and in-depth interviews with experienced software engineers.
The Triadic Model is used to analyze the current state of an organization and also describe the ideal state it needs to be in to successfully implement CBSE, as described in 3.4. By comparing the two states, a determination can be made as to what must be changed in order for the organization to best prepare itself for CBSE implementation..
Structure of the Model
In the Social Factors for Reuse Model, the Organization is represented by a three tiered structure -see Table 1 . The position of an organization on the triangle, Figure 1 , describes its organizational behavior. To effectively manage an organization, a balance must be stuck among these three variables. For any given situation, the decision must be made as to which of these three is the most important. At best, two can share importance, but not all three. The triangular representation of the factors illustrates that you cannot fulfill all three factors at the same time.
An organization that can be described by one of the corners, is said to exhibit 100% of that factor.
An organization that can be described by a point along one of the sides, will exhibit a combination of the two factors at the corners of that side. The centre area represents an organization that exhibits equal amounts of each of the three factors. Porter describes such an organization as one that "engages in each generic strategy, but fails to achieve any of them". [33] 
Attribute Co-relations.
The Attributes are not independent of each other and therefore cannot be assessed independently. Table 1 
The 'Ideal' Candidate for Reuse Implementation.
The SFR Model, summarized in Table 1 , can be used to describe a generic ideal state for an organization that is about to embark on the implementation of organizational component reuse. The exact definition of 'ideal' is dependent on a number of factors. For any particular organization, this ideal state is called the 'goal state'.
The SFR Model is not all-inclusive. This is not a failure of the model, but rather it is intentional. No two organisations are alike. This applies to how they behave now and in the future. Each organization that embarks on change will do it from a different base and for different reasons. This was part of Keidel's original design for his model, and this philosophy has been adopted for the SFR Model. Some organizations have a need for extra attributes that are peculiar to their products, process, or environment, while others do not have the need for all of the attributes. An organization that enjoys a monopoly, for example an internal IT department and sole supplier to the organization as a whole, would not usually consider its Competitive Strategies. In like manner, if an organization does not have a mature training function, it may need to consider that as an additional attribute. One of the strong points of the SFR Model is that it allows for tailoring to the particular needs of the subject organization, resulting in an organization specific goal state. As a minimum, the following should be considered when developing an organization's goal state: the size of the organization and subject I.T. division, company ownership (government, listed, or private), the industry sector it is in, the effect of the market, the country of origin and location (culture and socio-economics), and single or multi location. Any one of these will affect the choice of factors, their influence and consequent mitigation strategies. The following is presented as a generic Ideal.
With respect to the Organizational Strategy Dimension, such an organization can be expected to have empowered its managers and developers with the ability to exert an influence on the manner in which the implementation is to take place. It should promote a culture of complementarity where all components are produced with the expectation of possible future reuse. Adherence to standards and procedures should be promoted, as too the acceptance that its employees are valuable and should be cared for. Promotion is best done from inside and partnerships with other organizations should only be done if that organization already has a culture of reuse. It would benefit from promoting it products' unique characteristics and exercising cost control.
With respect to the Organizational Implementation Dimension, the organization should promote formal and informal communications between all employees and provide a physical environment that promotes ad hoc communications, resulting in sharing of ideas and solutions. Its reward system should encourage co-operation amongst employees in achieving the common goal of reuse. Its meetings should not be simply talk-fests, but result in meaningful and practical solutions to problems as well as promoting the formation of like-minded teams to implement the solutions. Rather than mandating, the organization should have a delegatory style of decision making based on the consensus of all those involved in the implementation.
Application of the SFR Model
For a model to be more than just a theory, it must be shown to be of practical use. This section describes its application to an organization that has had a history of failed CBSE implementations.
Steps in the Application of the Model
The following are the steps in the application of the SFR Model to assess the capability of an organization and better prepare it for the implementation of component reuse. Figure 2 shows the steps as a flowchart.
1. Use the SFR Model to assess the initial organizational state prior to the consideration of CBSE implementation -OS I . 2. Use the SFR Model to develop the model of the goal state of the organization -OS G . This model represents the state in which the organization should be in order to maximize its likelihood of successful implementation. 3. Compare the results from Steps 1 and 2 to determine the difference between the initial and goal states. This is an assessment of the organization's initial capability to successfully implement a reuse program -OC I . It will describe the changes required to increase the likelihood of success in implementing CBSE. 4. Implement the changes required to better prepare the organization for CBSE implementation, resulting in a prepared organization. As an option, an economic model can be applied prior to implementing the changes. 5. Use the SFR Model to assess the prepared organization's state -OS P . 6. Assess the prepared organization's capability by comparing the prepared state with the goal state, resulting in the Prepared Organization's Capability -OC P .
A major part of the predictive nature of the SFR Model is the feasibility assessment of the organizational change required to increase the likelihood of implementation success. There are many economic models for reuse, but they all relate to an organization that is already practicing reuse [32] . What is required is a model that is designed to be used pre-implementation. One such model that appears to be suitable is Benefit Cost Analysis [34] . The unique feature of this method is that it focuses on the benefits first and then the cost to achieve them. Jules Dupuit, an eighteenth century French economist, was the first to propose the concept central to benefit cost analysis of identifying the correct project benefits, and then the cost measurement criteria through demand and supply price mechanism. Applied to the introduction of reuse, it forces the quantification of the benefits of implementing reuse and so facilitates the decision to spend, or not to spend, the time and money needed for the required organizational change. A description of the Benefit Cost Model as it can be applied to IT projects is provided in [34] .
A Case Study
This section presents a summary of an application of the SFR Model, describing the data collection method, results and recommendations for improving the subject organization's position with respect to the implementation of organization wide component reuse.
The data collection methods are based on those suggested by Keidel [11] and are presented as examples only. Both the date collection methods and the recommendations will vary for each individual application of the SFR Model. Other methods may prove to be more successful, depending on the subject organization. The recommendations also may vary depending again on the subject organization and of course on the particular results obtained.
The subject organization is a large multi-national company, which develops embedded software for companies world-wide in a number of industries, as well for its own products. The implementation of CBSE has had mixed results, ranging from successes to outright failures. The successes have not been as a result of well thought out plans. The subject division, since its failed attempt, has implemented a number of changes, which it believes will improve its implementation capability -OC P . The following is a summary report of the subsequent application of the SFR Model to this division to assess its new state. The assessment commenced at Step 5 and used the generic ideal state as the goal state. Results: Documentation stated that staff at all levels have been given the necessary delegation and authority appropriate to their jobs. This however was not supported by many of the managers and developers, who reported that their managers often mandated actions that should have been the decision of the sub-ordinate. They felt that they did not have the influence that they were meant, and consider that they deserve, to have. Recommendations: It is necessary for the organization to realize that there is difference between statement and action. Their current attitude has resulted in dissatisfaction among employees and is seen as one of the reasons for the previous failure. A review of the Decision System is recommended. Refer to Attribute 12: Decision System.
Attribute 2: Social Values.
Data Collection Method: In-depth interviews with managers representing all levels.
Results: There was unanimous agreement at (almost) all levels that working together was the key to success both for the individual and the company. There was disagreement amongst those in the highest of management, with some supporting cooperation. A small majority felt that the company could not advance if it did not have some individual 'high flyers'. These people were felt to ward off risks of complacency.
Recommendations: It is felt that there is no threat to CBSE implementation and so there is no recommendation to change.
Attribute 3: Organization's Expectations. Data Collection Method:
In-depth interviews with managers representing all levels. Results: Apart high flyers (described in Attribute 2: Social Values), the management expressed an expectation of compliance and promoted an environment of collaboration.
Recommendations:
Organization Expectations are satisfactory and no recommendations are offered.
Attribute 4: Employees' Expectations. Data Collection Method:
In-depth interviews with managers and developers. Results: All but a few (and these corresponded with the individual's identified by management as being 'high flyers' -see Attribute 2: Social Values) were in alignment, to varying degrees, to the factors of 'security' and 'community'.
Recommendations:
Employee Expectations are satisfactory and no recommendations are offered.
Attribute 5: Developmental Plan.
Data Collection Method: Analysis of archival documents, providing historical information on what plans, events and reasons for recruitment and partnerships/mergers. In-depth interviews with staff. Results: Staff at all levels admitted that promotion did occur from within. This was confirmed by the documents. However, they were resentful when an outsider was brought in at a managerial level and was not aware of the existing culture (social values). Management stated that this was sometimes done in order "to change the way things were done. To shake things up". They were not concerned that some staff did not like it as they were often the reason for the required change. The company very rarely participated in mergers or takeovers, preferring to start a new division from within. Recommendations: Generally, the plan is satisfactory. However, care must be taken that the engineered change is necessary as a whole and not simply to facilitate the removal of undesired personnel. There are less disruptive ways to do this.
Attribute 6: Competitive Strategies.
Data Collection Method: Analysis of archival documents. In-depth interviews with management. Discussions with customers/clients to provide the 'other' view, that is, the success or not of these strategies. Results: The division had an established culture of producing 'differentiated and quality' products. This was supported by the majority of the customers/clients. All staff recognized that a cheaper product was beneficial and were willing to do what was needed to achieve this, without sacrificing quality. Recommendations: Organization Strategies are satisfactory and no recommendations are offered.
Organizational Implementation Dimension.
Attribute 7: Reporting Lines.
Data Collection Method: Analysis of the organizational chart and in-depth interviews with manager and developers. Results: Although the company as a whole exhibits all three styles of Reporting Lines, this division has flat/amorphous reporting. The formation of individual teams is flexible, dependent on specific project needs and availability of appropriates experienced staff.
Recommendations:
Reporting Lines are satisfactory and no recommendations are offered.
Attribute 8: Physical Layout. Data Collection Method:
Determination of who should be talking to whom by reference to project records and organizational chart. Comparison with locations of these personnel. Results: As this is a multi-national company, it was found that many projects spanned countries and time zones. Small groups of developers were co-located (and there was evidence of successful reuse within these groups), but many who would be expected to have face-to-face communication were in fact in different time zones and countries.
Staff said that this did not present a problem because of excellent electronic communications being in place. Some found that the use of such facilities was preferred, because it allowed for the other party to respond after thought had been given to the problem. A small number found that these did not fully replace face-toface. Recommendations: While the physical layout is not ideal, communications seem to be as good as they can be given the international nature of the company and its customers. No recommendations are offered.
Attribute 9: Information Flow.
Data Collection Method: Network analysis of staff working on similar projects to determine actual flow to compare with expected communication patterns based on the needs of the projects. Results: The expected patterns of communication co-related well with the actual information flows.
Recommendations:
Information Flow is satisfactory and no recommendations are offered.
Attribute 10: Reward System. Data Collection Method:
In-depth interviews with staff (managers and developers) and analysis of archival documents relative to pay scales and bonuses over the previous three years. Results: Bonus schemes do not exist in this division and employee's are accepting of this. Pays are reviewed annually and set commensurate with the employee's job description and their past performance. Employee's are satisfied with this. Recommendations: Management could consider a rewards system for reuse implementation, but considering that employee's appear satisfied with current arrangements, this is a suggestion only and no recommendations are offered.
Attribute 11: Meeting System. Data Collection Method:
Ratios of the number of meetings and total time (manhours) spent on each type of meeting over the previous month. In-depth interviews with staff, both managers and developers. Results: While the mangers saw the meetings as positive decision-making and teambuilding in nature (an opinion supported by documentation), this was not the opinion of the developers and lower managers. The decisions from the meetings were often subsequently over-ruled by the manager, for reasons that were seen by the manager as practical, and by the sub-ordinates as taking away their influence. They were in agreement, that despite the claimed best intentions of the management, the reality was that the majority of meetings ultimately resulted in being only "talk-fests" or forums. They also believed that the managers did not have the authority to over-ride meetings' decisions, but felt powerless to act. Recommendations: The disparity between the apparent meeting style and the implementation is a real concern. If it is not possible to stop managers over-riding meeting decisions, then the façade of co-operation should be discontinued. Meetings should be openly announced as forums and managers authority made clear. This is not a good solution. Although it clarifies an anomalous situation for the staff, it promotes a mandatory style of management, which usually has a negative influence. Enforcing the finality of decision made at meetings is the better alternative, though in practice more difficult to enforce.
Attribute 12: Decision System.
Data Collection Method: Analysis of archival documents over the previous three months (meeting records, authorization and delegation lists, project plans and memos) to determine the decisions made, how they were made and by whom. In-depth interviews with staff. Results: The majority of decisions were made collaboratorially. However, there was a tendency to mandate major decisions, including that of implementing reuse. Delegation, although practiced widely, also tended to use a mandatory style and often the delegation was not welcomed by the recipient, often being interpreted as a test of ability and in a few instances as 'traps' to facilitate the dismissal of the employee. It was found that managers often over-rode decisions made by a team and their immediate subordinates. Recommendations: At the very least, the next decision to implement reuse should involve all divisional personnel. The details of the implementation must be agreed to in a collaboratory way. Delegation should be seen as a reward and have the agreement of the recipient. Refer to Attribute1: Stakeholders.
Concluding Remarks
The Division seems to have improved its Implementation Capability, although the extent of this could not be determined with any precision owing to a lack of reliable records of the changes that had already been made. There remain a number of areas that require attention, which relate to the Attributes of Stakeholders, Development Plan, Meeting System and Decision System. These centre on a disparity between the organization's stated intentions and the implementation of them, leaving staff "on edge" and with a decreasing openness to change. It is recommended that an assessment be done to determine the economic and social/organizational viability of implementing these changes prior to the next attempt to implement division wide component reuse.
Further Development
As it should be with any such model, the SFR Model is under regular review and a number of developments and enhancements are described here.
The current Model also considers only the influence that the presence of a Factor exerts on the implementation of CBSE. While it can be generalized that the absence of a Factor equates to the absence of an influence, this is not always the case. A Factor can also exert an influence by its absence, for example the absence of a Development Plan (Attribute 5) can have a negative influence on the Employee's Expectations (Attribute 4). Work is continuing to determine the influence of the absence of the Attributes and Factors.
A similar situation arises when, for example, the result of a Collaboratory Decision (Factor 12c) is to not implement component reuse, even though management is in favour of it. While normally the Collaboratory Decision System would exert a positive influence, in this case the influence would be negative. Such instances need to be incorporated into the Model.
As the SFR Model is a predictive model, it lends itself to being coupled with an appropriate costing model for the changes that are identified as necessary for successful implementation. The Benefit Cost Model [46] appears to be well suited to this task. Further work is required to determine whether this or another cost model is most suitable.
Conclusions
Systematic component reuse has yet to be successfully adopted by the vast majority of organizations, even though individuals have embraced it enthusiastically for decades. The initial technical barriers have been all but overcome and tThe current barriers appear to be based on socio-organizational factors.
The Social Factors for Reuse Model was developed from a perceived need for a model for Component Based Software Engineering implementation that considered the social and organizational factors. The SFR Model comprises 36 factors that provide a structure to describe an ideal state for an organization, against which it can be assessed to determine its capability to embark on the implementation of CBSE. Such an ideal state describes an organization that is not only sympathetic to the concept of reuse, but also actively promotes its organization wide implementation.
When coupled with a suitable costing model, the organization can make an informed decision whether or not to proceed with CBSE implementation. This then has the potential to greatly reduce the number and cost of unsuccessful CBSE implementations.
